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COLLEGE OF MEDICAL EVANGELISTS
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INmODUCTION
To properly consider the relationship of vitamin A deficiency
to hydrocephalus, as reflected in the morphological changes in the
fine structure of the choroid plexus, it is necessary to review the
work of others in producing hydrocephalus by administering a vitamin
A deficient diet*
In 1913 two groups of investigators, McCollum and Davis (1913)
and Osborne and Mendel (1913) reported that certain fats contain an
essential nutrient for rats, but it was several years later that Steenbock (1919) suggested that this substance, known as vitamin A, was
carotene, a yellow pigment of plant origin*

In 1930 carotene was shown

to be pro-vitamin A (Moore, 1930) and soon Karrer, et al (1930, 1931)
had worked out the chemical composition of both carotene and vitamin A*
Ary remaining controversy was settled in 1936 when a pure material was
synthesized (Fuson and Christ, 1936)*
Interest in the etiological factors responsible for hydroceph
alus stimulated the classical experiments of Dandy (1919) by which he
produced I'y droc ephalus in dogs.

Today it is believed that internal

hydrocephalus can be caused by three main mechanisms which in turn are
influenced by both known and unknown factors.

These mechanisms aret

l) overproduction of cerebrospinal fluid, 2) obstruction in cerebro
spinal fluid circulation, 3) underabsorption of cerebrospinal fluid.
Mellanby (1939) while stuffing bone overgrowth in vitamin
A deficient young dogs incidentally noted a cerebrospinal fluid
pressure of twice the height of that observed in animals receiving
1

2
vitamin A*

Moore (1939) and Moore and SSykes (19i*0 and 19i;l) were

probably the first investigators who directly linked this increase
in cerebrospinal fluid pressure to the vitamin A deficiency • They
noted a terminal pressure of more than U00 saa of water in vitamin A
deficient calves.

These investigators felt that this increase was

due to the overgrowth of bone.

Bveleth* Bolin and Goldsty (191*9)

studied the effects of vitamin A deficiency in sheep and noted the
cerebrospinal fluid pressure to be around 60 mm f^O in the controls
as compared with approximately 120 mm HgO in the test animals.
Corafeld and Cooke {V)$2) presented the case of an infant fed an
artificial diet lacking vitamin A for 3 months following which a symp
tom complex resulted which included a cerebrospinal fluid pressure of
280 mm of water.

This infant was fed vitamin A and four weeks later

the cerebrospinal fluid pressure had returned to normal*

Hentges*

et al (1952) in their study of vitamin A deficiency in young pigs noted
an increased cerebrospinal fluid pressure associated with low blood
plasma levels of vitamin A.
(1953) in a series of

Helmboldt# Jungherr, Eaton and Moore

vitamin A deficient calves noted cerebrospinal

fluid pressures between 1?8 and 505 mm of water compared with 95 mm
of water in the controls. Rokkones (1955) in a series of 60 rats,
one half of which were on a vitamin A deficient diet, noted a mean
cerebrospinal fluid pressure of 201; mm of water in the test as compared
to 97*7 mm of water in the controls. Bass and Capian (1955) discussed
two cases of vitamin A deficiency in infants, noting a symptom complex
including hydrocephalus with increased cerebrospinal fluid pressure.
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Woollam and Millen (1955) and Millen and Woollara (1956b)
studied the effect of vitamin A deficiency on the cerebrospinal fluid
pressure of the chick.

In a series of 50 chickens, they noted that

chicks which were normal at the time of hatching (from eggs of hens
receiving vitamin A) developed a progressive increase in cerebrospinal
fluid pressure, the increase averaging 1.03 mm of water per day when
they were maintained on a vitamin A deficient diet.
‘

Chicks hatched

from eggs laid by vitamin A deficient hens had a mean cerebrospinal
fluid pressure of 180-200 irnn of water compared to controls with a
cerebrospinal fluid pressure of 90-105 mm of water.
Millen, Woollam, and Lamming made a significant contribution
to the study of hydrocephalus by stuping the offspring born to vitamin
A deficient rabbits (Millen, Woollam, and Lamming, 1953, 19514 (Lamming,
Woollam and Millen, 195U), (Millen and Woollam, 1956a), (Millen, 1956),
(Millen and Dickson, 1957)*

They noted cerebrospinal fluid pressures

of 170—500 mm of water in the vitamin A deficient offspring as compared
with less than 100 mm of water in the controls.

The latter invest!-

gators at first felt that the cerebral aqueduct was narrowed thus pro
ducing an obstructive type of hydrocephalus (Millen, Woollam and
Lamming, 1953)| however, after further investigation, they concluded
that it was due, rather, to an over-production of cerebrospinal fluid
by the choroid plexus.

They noted no morphological change in this

structure to back up their argument, as can be seen in Millen*s answer
to Sapper*s question during the discussion following the presentation
of "Vitamins and the Cerebrospinal Fluid" by Millen and Woollam at the

is.
CIBA Foundation S/mposiuia on the Cerebrospinal Fluid Production, Circu
lation and Absorption*

"Kappersi

Did you examine the histological

structure of the choroid plexus in the lateral ventricles?

Millens

Yes,

we have looked at the histological structure and we have not been able
to detect any obvious changes” (Wolstenholme and 0*Connor, 195>8, p* 188)•
This statement of Millen aroused the curiosity of the author
to the extent of prompting the investigation reported herein*

Admit

tedly, Millen had studied the choroid plexus of young rabbits with the
aid of the electron microscope (Millen and Rogers, 1956)*

He seems to

make no direct mention, however, of whether his negative findings of
morphological changes in vitamin A deficient animals were based on light
microscopy or on electron microscopy*

At ary rate, if the vitamin A

deficiency had sufficient effect on the choroid plexus to alter its
rate of producing cerebrospinal fluid* it is reasonable to assume that
there might also be some morphological change*

The challenge, then,

was to find means of demonstrating ary such change.

This has been

attempted by means of electron microscopyinvestigators using the electron microscope in studying the
normal morphology of the choroid plexus of the rabbit include Millen
and Rogers as already mentioned. Maxwell and Pease (1956), Wislocki
and Ladman (Wolstenholme and O’Connor, 1958, P* 55-79) and Case (1958).

MATERIALS AND METHODS
The ll; New Zealand white rabbits used in this study ranged
from 9-20 post-parturn days of age*

Fifty percent of these were off-

spring of vitamin A deficient does and the rest were offspring of does
fed the vitamin A deficient diet plus 12,500 I.U. vitamin A powder
weekly*
Vitamin A Deficient Diet
The vitamin A deficient diet used for the work presented in
this study was patterned after the vitamin A deficient diet used by
Lamming, WooHam, and Millen (195W*

The results which these workers

obtained in producing hydrocephalic offspring born to the does sub
sisting on this diet were excellent.

The diet likewise compared favor

able in all its constituents except vitamin A and fiber content to
that of Casady and Collaborers (personal conversation) standard formula
known to maintain rabbits in a healthy state.
The vitamin A deficient diet* consisted ofx

17*5 parts

Peanut Meal, 27*0 parts of Feeding Oats, 10.0 parts of Beet Pulp, 13.0
parts of Wheat Feed Bran, 3*0 parts of Molasses, 23.0 parts of ISxpeller
Linseed Meal, h.*0 parts of Dried Xeast, 0*5 parts of Trace Minerals,
0.5 parts of Sodium Chloride, 2*5 parts Vitamin E (20,000 I.U./lb.) and
5*0 parts Vitamin Dg (It,000,000 I.H./lb*).

All rabbits were given

straw to supplement the low fiber content,

The control does were fed

orally in addition 12,500 I.U. of vitamin A powder in gelatin capsules
weekly.
*Mr. Pfischner of Claypool and Company, San Bernardino, California,
helped in working out the diet and placed it in pellet fora*
#

■

:
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Formula Comparisons/Lb» of Feed
U# S. Rabbit Experiment
Station Formula
% Protein
% Fat
% Fiber

Vitamin A
Deficient Formula

19.H

23.11}.

3.0?

i4.*8U

17.88

7.71

% Oa

0.720

0.398 /

% P

0.553

0.717 /

% Ash

6*68

6.93

I.U./lb Vit A

Ht,300

mgAD Bibo Bg

2.72

2.U7

mg/lb Pant Acid

9.50

12.01

23*56

37.78

mg/lb Niacine

617.8

mg/lb Choline
Calories

50,575

589.0
66,150

ObtainiM the Animals.
New Zealand white rabbits were maintained on a vitamin A
deficient diet for several months before mating.
The offspring of these mated does became the test animals
of the study.

Those of 1, 2, and 3 post-partum weeks of age were

used.
As already mentioned the mothers of the controls were fed
vitamin powder in addition to the special vitamin A deficient diet.

7
Sacrificing; the Animals
Upon finding that sufficient pentobarbital sodium to produce
muscular relaxation likewise produced respiratory arrest, and realizing
that time was at a premium from death of animal till commencement of
fixation of tissues for electron microscopy, no anesthetic agent was
administered*
Two ml* of cerebrospinal fluid was withdrawn slowly into a
2 cc* syringe from the enlarged ventricle of the hydrocephalic animal
by piercing with a 23> gauge needle the very thin calverium and under
lying cerebrum immediately above the right orbit*
All animals were then decapitated and the thin calverium and
underlying cerebrum on one side were deflected laterally and removed
thus exposing in less than 90 seconds the choroid plexus of one of the
ventricles*

This was accomplished quickly but gently with small forceps,

scapel and scissors.
Removal and Fixation of the Tissues
After the choroid plexus was exposed, fixation was immediately
commenced by dripping thereon cold (~k° C.) 1% buffered hypotonic
osmic acid (Palade, 19$2).

The application of the fixing solution to

the tissue in situ was continued for 10-15 minutes* Wooden applicator
sticks were used to gently remove tills pre-fixed tissue*

It was then

placed in a bath of fresh 1$ buffered hypotonic osmic acid which was
kept cool in the refrigerator for another 2 3/1* hours*

During fixation

metal objects were not allowed to come in contact with the fixative in
order to prevent inactivation of the osmic acid*

8
In less than f? minutes following the death of the animal the
choroid plexus of the other lateral ventricle was gently removed and
placed in 10$ neutral formalin for 2k hours, embedded in paraffin,
sectioned at 7/*^ and stained with hematoxylin and triosin or Massonfs
triclirome connective-tissue stain for light microscopy.
Dehydrating and imbedding the Tissues
The osmic acid was poured off at the end of the period of
fixation and the tissues were rinsed in two changes of distilled water
for about 30 seconds each.

The tissues were then placed in absolute

isopropyl alcohol for l|- hours and allowed to dei^ydrate.

Three changes

of alcohol (15 min., 30 min., and 30 min.) were made and the dehydration
was completed by placing the tissue in acetone for 30 minutes.
Following dehydration with alcohol and acetone the tissues
were rinsed in n—butyl methacrylate monomer*

This monomer was prepared

ahead of time by cleaning and removing the inhibitor (bydroquinone) by
washing $ parts of monomer with 2 parts of a concentrated (20-30$)
aqueous solution of sodium hydroxide in a separatory funnel.

The mono

mer was then washed with an equal volume of distilled water to remove
remaining traces of sodium hydroxide solution, dried with anhydrous
calcium chloride, and filtered (Borysko, 1956).

Hie tissues were then

transferred to a fresh change of prepared n-butyl methaciylate and left
standing over night to assure good penetration of the plastic.

While

in this change of methacrylate small portions of tissue, not more than
mm in the largest diiaension were selected with the aid of a dissect
ing microscope and trimmed from the main portion of the plexus vdth

9
a razor blade.
The selected pieces of tissue were placed in #00 gelatin
capsules containing prepared n-butyl methacrylate and 1$ benzoyl
peroxide as catalyst and allowed to stand approximately another 2h
hours*

Polymerization of the embedding plastic monomer was then begun

and completed by heating the capsules in a hot air oven at the temper
ature of 6$° C. for 2k hours.
Sectioninga Mountings and Observing the Tissues
One week or more following polymerization of the plastic in
the capsules, the capsular end containing the tiny piece of tissue was
removed with a razor blade.

The block was trimmed and attached to a

wooden microtome chuck with beeswax and the tissue properly oriented.
The embedded tissue was trimmed with a new razor blade to a cutting
surface measuring approximately 0.5 mm on each side.
Glass knives for sectioning were broken from a 1—l|j inch
strip of quarter inch plate glass (Latta and Hartman, 19£0),

A Porter-

Blum microtome with the mechanical advance set to produce sections of
a theoretical thickness of

was used to section the tissue with

the glass knife as its cutting edge.
before even 1 block was sectioned.

This cutting edge generally dulled
A trough of adhesive tape attached

to the knife and sealed with beeswax served as a reservoir to hold kO%
acetone onto which a ribbon of sections floated as they were cut.

Due

to the minute size of these sections, it was necessary to observe the
cutting procedure through a dissecting microscope to determine the
quality of the sections produced.
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Some of the factors affecting section thickness are tesnperature changes, vibrations, air currents, dull knife edge, wrong knife
angle, and a £m so-called "unknoians. ”

Therefore ribbons of the sec

tions were transferred from the 1*0^ acetone to a small dish containing
$0% ethyl alcohol on a narrow strip of glass broken from an ordinary
microscope slide and interference colors in the sections produced ty a
fluoresent light shining at the proper angle were used to determine
which sections to mount*

Sections appearing golden to cream—silver in

color were chosen as being optimum for observation in the electron
microscope*

Previous experience had indicated that sections appearing

of a pure silver color were so thin that they would lack contrast in
subsequent observations*

Those presenting a rainbow spectrum were so

thick that good detail was not obtainable.
The sections selected for use were mounted by being picked
up from the

ethyl alcohol solution on standard 200 mesh, 1/8 inch

diameter copper grids.

They were then "carbonized*5 (Watson, 1955>* 1956)

by evaporating under vacuum a thin carbon film on the tissue-loaded
grid.

Such an amorphous carbon film placed over the section is highly

transparent to electrons, yet it is tough enough to withstand a great
bombardment of electrons without permitting the section to tear.
The electron microscope emplqyed in this investigation was
an EGA EMU—2A that has been modernized through modification by the
addition of Canalco accessories including the super-stable lens supply*

OBSERVATIONS
In this presentation it was thought best to have separate
sections for the observations and for the discussion as the work can
be portrayed more clearly in this fashion.
The number of hydrocephalic offspring born by the vitamin A
deficient rabbits ranged between 90 and 9$% of the total number.

The

Hi offspring chosen for this stuc^r were picked at random other than
for a definite attempt to compare those of the same ages.
A comparison in size and in appearance is made in figure 1
of a control and a test rabbit, both of which are 20 days old.

The

control rabbit is larger and has a normal shaped head, whereas the test
rabbit is smaller and has a

dome-shaped*’ head due to internal hydro**

cephalus.
Control Animals
The age, weight and number of mother and duration on special
diet of the control rabbits are portrayed in the following chart.
Animal #

Age (Days)

fft. (Grams)

Mother*s #, Duration on Diet

h

9

1h9

XXV

5

9

170

XXIX

«

6

9

178

XXIX

«

11

20

225

XXIX

»

12

15

180

XXI

t!

136

XXI

«

137

XXI

rt

13

Ik

tu

11

lOj- mos.

12
The general appearance of all of the control animals was
considered normal (figure 1)*

Their heads were not ”dome—shaped,!l

nor was there a dilatation of the ventricles in the brain*

Their fur

was smooth, and they all appeared alert with their ^res well opened*
Test Animals
The age, weight, and number of mother and duration on special
diet of the test rabbits are portrayed on the following chart*
Animal #

Age (Days)

Wt* (Grams) Mother^ $, Duration on Diet

1

9

133

V

lOj mos*

2

9

67

V

«

3

9

1$0

VII

7

20

lij.6

VII

8

IS

90

XIV

9

15

150

XIV

10

15

iok

XIV

3i mos*
tt

lOj mos*

tt

The general appearance of the test rabbits differed from
that of the controls (figure 1) in that the head of the hydrocephalic
rabbits was ndome-shaped,” the ventricles of the brain were dilated,
and the fur was "roughed*”

The rabbits failed to exhibit an alert

appearance as their q^es were not wide open.
The following chart gives the data concerning the 2 ml*
of cerebrospinal fluid removed from the right lateral ventricle of
the hydrocephalic rabbits.
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Animal #
1

Head

Cerebrospinal Fluid
Protein
Color
(ag %)

Dome-shaped

Clear

Chloride
(ineq/l)

31

10?

3$

110

99

100

2

n

3

ft

I ellowish

7

ft

Amber

15S

11^

8

ft

Redish

60

115

Iellowish

1*2

11?

9
10

Normal
Dome-shaped

Light Microscopy of the Choroid Plexus
The choroid plexus of the control rabbits is normal in appear
ance as shown in figures 2,

9s &s Is 8, and 9*

It is well organized

into fronds which in turn branch into numerous villi.

Hiese villi con

sist of a single layer of cuboidal epenc^rraal cells covering a central
core, the subarachnoid space.
of the choroid plexus.

This latter space contains the vessels

A small arteiy in the free margin of the choroid

plexus is seen in cross-section in figure ?.

Endothelial cells line

this vessel which is nearly full of red blood cells.

Collagen fibers

surround the arteiy outside the few smooth muscle cells of the vessel
wall.
The choroid plexus of the test rabbits, as seen in figures 3,
10, 11, 12, 13, 1U,

16, and 1? is more "vascular” in appearance

than that of the controls and contains fewer villi.

This increased

vascularity appears to be outpouchings or dilatations in areas of the
choroid plexus villi.

These dilatations are covered only by the

tk
"stretched” layer of ependymal cells.

Thus the once cuboidal cells

have become squamous-like ependymal cells.

The blood apparently has

escaped from the lumen of the capillaries into the subarachnoid space
where now the only structure intervening between the cerebrospinal fluid
of the ventricles and the blood is the "stretched" ependymal cells
(figures lit, 1$ and 17).

A tangentlonal section of these epenc^naal

cells, as seen in figure 13, gives the appearance of stratified squamous
epithelium.
Electron Microscopy of the Choroid Plexus
Normal Composition
The choroid plexus, as seen in the control rabbits, "typically"
has cuboidal ependymal calls separating the ventricles containing the
cerebrospinal fluid from the subarachnoid space which surrounds the
capillaries containing the blood elements (figures 18 and 19).

Hie

ependymal cell has a free polypoid border, a round nucleus located near
its basal part with 1 to 3 nucleoli, mary oval and oblong mitochondria
scattered throughout its cytoplasm along with the endoplasmic reticulum.
The endoplasmic reticulum at times is arranged in a parallel array or
in a whorl arrangement, especially in the basal portion of the cell
(figure 22).

An inclusion body, probably of lipid composition, is occa

sionally seen in the cytoplasm (figure 22).

Adjacent ependymal cells

are attached at their apical ends by a terminal bar and separated
throughout by plasma membranes and intervening cement substance.
basal portion of the plasma membranes shows

The

a characteristic infolding

which is especially evident in older rabbits (figures 39, 1*0, 1*1, £l).
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The basement membrane upon which the ependymal cells rests separates
them from the subarachnoid space.

Pial cells are irregulardispersed

throughout the subarachnoid space surrounding, at times, the capil
laries.

The capillaries are composed of endothelial cells mth their

attenuated margins overlapping to insure adequate strength (figures 20
and 21).
Capillary Leakage and "Freen Bed Blood Cells
The integrity of the capillaries, as seen in the test rabbits
is lost (figures 27, 28 and 29).

There appears to be a break at the

interendothelial junction which could be due to a decrease in the ten
sile strength of the cementing substance*

Thrombocytes are associated

with the weakened points in the capillaries, and as seen in figure 29
a platelet thrombus may form to prevent additional escape of the blood
elements into the subarachnoid space,

lied blood cells and other blood

elements do escape into the subarachnoid space and thus exert an in
creased hydrostatic pressure directly against the basement membranes of
the epenc^mal cells, to say nothing of the disruption in structural
morphology due to these outpouchings or "vascular dilatations" (fig
ures 27, 28, 29, 30, 32, 33, 3k, 35, 36, 37, 38,

and 1|6).

Occa

sionally red blood cells are seen which have escaped into the ventricles
(figures 36, 37, and 38).
Stretched rpendymal Cells and Intervening Cisternae
In the test animals where the blood elements have escaped
into the subarachnoid space, thus exerting an increased hydrostatic
pressure, there is a "stretching" of the ependymal cells.

These cells
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assumed a flattened, instead of their usual cuboidal, shape (figures
35i 36, 37, and 38).

Enlarged eisternae are located between the

adjacent epenc^rmal cell plasma membranes (figures 36, 37, and 38) as
compared to the smaller spaces between these membranes in the control
rabbits (figures 18 and 19).
Precipitated Plasma Proteins in the Subarachnoid Space
The subarachnoid space in the test rabbits contains some
apparent precipitated plasma proteins which have, no doubt, escaped
through the weakened endothelial junctions (figures 30, 31, U3, U5, 1*6,
ij.8, and k9)*

By a. comparison between the normal appearing subarachnoid

space (figures 20 and 21) and that observed in the test rabbits, one
notes an increase in density of the space*

Then a comparison between

the increased density and the precipitated plasma proteins in the lumen
of the adjacent capillaries reveals a close resemblance.

This is not

surprising since the space contains red blood cells as alreac^r mentioned.
The appearance of the normal ground substance of the sub
arachnoid space in the light microscopy slides (figures k,

and 6)

is different from the clear space noted in the electron microscopy
preparations (figures 20 and 21)*

This difference is probably due to

a difference in fixation and staining procedures which illustrates the
fact that a clear space in an electron micrograph may contain something
which lacks affinity for osmic acid.
Array of Endoplasmic Reticulum
The normal ependymal cells, as seen in the control rabbits,
contain endoplasmic reticulum of various arrangement patterns.

Basal
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portions of the cells sometimes contain a single whorl (figure 23) or
single parallel arrays (figures 22 and 2k) of endoplasmic reticulum.
The presence of small vesicles of oval to oblong shape scattered fairly
evenly throughout the cytoplasm is a general characteristic (figures
23 and 2lt).
In the test rabbits the number of whorled arrangements of
the endoplasmic reticulum is apparently increased.

These configur

ations are seen in figures I4.6, kl$ 1$, h9» and £0.

Of special interest

is the ependyiml cell of figure 1*8 Yiiich contains 3 whorls in close
proximity.

Likewise, there is an apparent increase in the number of

parallel arrays of endoplasmic reticulum (figures 31, 32, 1*5, 1*7, and
50).

Figure 1*7 shows the apical portions of several ependfermal cells

and nearly all contain one or two parallel arrays of endoplasmic reti
culum.

The apical portion of an ependymal cell, as seen in figure $09

contains 2 parallel arrays and one whorl arrangement of endoplasmic
reticulum, and an inclusion boc^r is in contact with one of these paral
lel arrays.
The spaces within the endoplasmic reticulum are swollen
occasionally in the control rabbit*s ependymal cells, thus forming
cisternae (figure 19)*

However, the occurrence of such cisternae

appears to be greater in the ependymal cells of the test rabbits
(figures 26, 30, 31, 33, 39, UO, *1, and ii2).
Inclusion Bodies
The normal ependymal cells, as seen in the control rabbits,
rarefy show

inclusion bodies scattered in their cytoplasm (figure 22).
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Rovrever, inclusion bodies are seen in the epenc^nnel cells
of the test rabbits rather commonly (figures hl» k2, kk>
h9s $0, and 51)*

hS, his

It is of special interest that the majority of these

inclusion bodies are associated with endoplasmic reticulum either
being contained in a cisterns (figure 1*2)# in the center of a whorled
arrangement (figure 1*6, 1*7, and 1*9), or in close proximity to one
(figure 50).

DISCUSSION
Congenital I^rdrocephalus Due to Vitamin A Deficiency
As mentioned in the introduction, increased cerebrospinal
fluid pressure

in vitamin A deficiency has been reported in the dog,

the calf, the sheep, the pig, the rat, the chicken, the rabbit, and
the human infantMellanby, while stuping bone overgrowth and nerve degenera
tion in dogs produced by diets deficient in vitamin A, felt that the
incidental finding of increased cerebrospinal fluid pressure was due
to Hie bone overgrowth rather than any change in the choroid plexus#
However, it is interesting how he described a morphological change
similar to the one noted fcy the author of this presentation, as revealed
by his statement, HIn fact, the overgrowth round the foramen magnum
msy be so great as almost to obliterate the cisterns rnagna.

This msy

also account for the increased pressure of the cerebrospinal fluid,
which is sometimes nearly twice as high as that of animals receiving
vitamin A#

With the increased intracranial pressure, the choroid

plexus may be bunched up and its structure altered greatly.” (Mellanby,
1939)

This description may be compared to the organization of the

choroid plexus as seen in figures 3 and 10#
Moore and Sykes were reluctant to speculate as to the mech
anism producing the increased cerebrospinal fluid pressure in calves*
They freely stated, ”The particular cause of the increased cerebro
spinal fluid pressure in vitamin A deficiency in the bovine has not
been found.

Pathological study of the choroidal plexus and arachnoid
19
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villi, colloidal osmotic pressure measurements of blood plasma and
various blood and urine analysis have not shown ary' abnormality which
could be related to the raised pressure” (Moore and Sykes, l^ii-l)*
Nevertheless, they mentioned how Wolbach and Bess^r (19lj.0) reported a
relative overgrowth of the central nervous system in vitamin A deficiency
in rats as compared to Idle growth of the bory covering, thus the intra
cranial pressure could have been greatly increased.

Moore (1939) had

reasoned that the bony malformations in calves were possibly due to the
increased cerebrospinal fluid pressure.

He also had noted an increased

cerebrospinal fluid pressure in mature cows due to vitamin A deficiency
and could not correlate the conclusion of Wolbach and Bessey in such a
case where, the growth for all practical purposes, had long since ceased.
Of special interest is -their mention of the observation of De Sehweinitz
and De Long (193U) that a perivascular edema of the brain tissue accom
panied the papilledema and blindness in calves.

This suggests that the

integrity of the capillaries msy be weakened in other areas of the
brain as well as in the choroid plexus.
Eveleth, Bolin, and Goldsby (19h9) mentioned the increased
cerebrospinal fluid pressure in their experimental data concerning
sheep.

They showed that as the blood serum level of vitamin A decreased

the cerebrospinal fluid pressure rose, but offered no suggestion as to
the mechanism involved.
Hentges, et al (1952) likewise noted that the increased cere
brospinal fluid pressures observed in young pigs were associated vdth
low blood plasma levels of vitamin A, but offered no suggestion as to

21
the mechanism of action.
Rokkones (19!?5)> in discussing hydrocephalus due to vitamin
A deficiency in rats, stated that after several deliveries the fre
quency of the disease in the offspring rises to 100$.

The rise in the

cerebrospinal fluid pressure seemed to be the initial evidence of the
condition.

Ho etiologic mechanism was mentioned by him other than the

basic deficiency in vitamin A.
Millen and Woollam concluded that the increased cerebrospinal
fluid pressures seen in chickens on a vitamin A deficient diet were
due to an overproduction of cerebrospinal fluid.

Thqy likewise felt

that a raised cerebrospinal fluid pressure is one of the earliest
manifestations of vitamin A deficiency in test animals (Millen and
Woollam, 1956).
Millen, Woollam, hamming, and others, working together on
the production of congenital hydrocephalus in the offspring of rabbits
maintained on a vitamin A deficient diet, added to the fund of know
ledge concerning this special type of hydrocephalus.

At first these

investigators felt that it was due to stenosis of the cerebral aqueduct,
thus obstructing the flow of cerebrospinal fluid (Millen, Woollam, and
Lamming, 1953), (Lamming, Woollam, and Millen, 195U)* but soon eoneluded rather that it was due to an excessive production of cerebro
spinal fluid (Millen, Woollam, and Lamming, 1951*)•

This was supported

by the finding that administration of vitamin A led to a rapid fall in
the cerebrospinal fluid pressure (mien and Dickson, 1957).
Cornfeld and Cooke (1952), in their case report of a 5i month
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old human white female maintained on an artificial diet containing no
fats of animal origin and only crystalline vitamin D and ascorbic acid
regularly as vitamin supplements, compared the findings with signs of
vitamin A deficiency in both animals and humans.

Their patient was

retarded mentally and physically, and had xerophalmia, anemia, hepatospleenomegaly, and increased cerebrospinal fluid pressure, all of which
had previously been reported as vitamin A deficiency signs in humans.
In addition, their patient had a seventh cranial nerve deficit, gyne
comastia, and comified vaginal epithelium.

This is in agreement with

the known effects of vitamin A deficiency in animals of cranial nerve
injury and increased sensitivity of end-organs to estrogen effect*

It

is of special interest that the lumbar puncture revealed an increased
cerebrospinal fluid pressure of 280 mm of water, but the protein content
was normal•

At that time she was given intramuscularly vitamin A,

100,000 units daily for 3 days, and thereafter maintained on a multi
vitamin preparation.

By the ninth day the xerophthalmia had cleared

completely, the breasts had diminished in size, and the liver and spleen
were no longer considered to be enlarged.

The right facial palsy began

to disappear on the seventh dsy of therapy and soon was cleared com
pletely.

Bulging of the anterior fontanelle persisted for some time,

but 2|r months after beginning the vitamin A therapy, the child appeared
bright, healthy, alert, and showed a marked increase in growth.

The

head size was within normal limits.
Bass and Capian (195!?) presented 2 case reports of infants
that were felt to be vitamin A deficient.

One was an allergic infant
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kept for five months on a diet which contained no milk, no animal fats,
and no vitamin A supplement.

He developed malnutrition, severe anemia.

hydrocephalus, hematuria, and xerophthalmia.

Vitamin A, 100,000 units

intramuscularly administered daily for 6 days, then 2^,000 units orally
for 2 weeks, cleared all symptoms promptly and the child made a com
plete recovery.

The second case was a deeply icteric infant due to

congenital absence of the bile ducts.

He had a low vitamin A level in

the blood and developed acute hydrocephalus which disappeared math intra
muscular administration of vitamin A.
The Cerebrospinal Fluid Production
In attempting to understand the mechanisms operating in the
production of hydrocephalus in vitamin A deficiency, it is desirable
to first look at the factors known to be related to the production of
hydrocephalus per se.

As mentioned earlier, it is generally considered

that hydrocephalus can be produced fcy an overproduction of cerebro
spinal fluid, obstruction in its flow, or underabsorption of the fluid.
Dancy and Blackfan (191i|.) and Dandy (1919) produced internal
hydroceplialus experimentally in dogs by obstructing the cerebral
aqueduct.

This produced dilatation of -the third and both lateral

ventricles.

When they obstructed one foramen of Monro, unilateral

hydrocephalus resulted.

To show that the choroid plexus produced cere

brospinal fluid, they removed the choroid plexus of one lateral ventricle
at the time the foramen of Monro was occluded and noted no dilatation,
but rather a collapse of the entire ventricle.
Putnam (1935) treated 22 hydrocephalic patients by endoscopic
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coagulation of the choroid plexus*

Varying results were noted, as he

stated, f,0f nine patients surviving for periods of four to fifteen
months, five are in satisfactory physical and mental condition, two
are improved but still feeble minded, and two have continued to dete
riorate*”
Hassin, Oldberg, and Tinsley (1937) were skeptical of the
conclusion that the choroid plexus produced cerebrospinal fluid*

Noting

the changes in the brain in approximately 1$ plexectomized dogs, they
stated, ” Experimental pi exec tony does not give uniform results—the
plexectomized ventricles rosy be smaller than the normal ventricle, of
the same size or even larger*

The size may be affected by large scars

that result from operative procedures.

Both pathological and experi

mental data indicate that cerebrospinal fluid forms in the ventricles,
but not from the choroid plexus*”
Bering (1952) noted that equilibrium is established veiy
rapidly between the brain, spinal cord, and cerebrospinal fluid fol
lowing intravenous injection of deuterium oxide (D2O).

Therefore he

stated, ”The choroid plexuses are unimportant in the major DgO exchange
of cerebrospinal fluid•”
Sweet and Lockslqy (1953) likewise concluded following a
stuc^r with isotopes, "Water and electrolytes enter the cerebrospinal
fluid rapidly both in the ventricles and throughout the subarachnoid
space*

The formation of the fluid is thus not an exclusive perogative

of the choroid plexus.”
Cameron (1953) noted secretory activity of the choroid plexus
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in tissue culture.

The question of the significance of such an experi

ment is always raised, since it was an in vitro rather than in vivo
experiment.

She saw closed cysts, distended with fluid, which developed

in the tissue spaces of the plexus and in vesicles in the outgrowing
ependymal sheets.

When phenol red, ehlorophenol red and orange G were

added to the external medium, they passed into and accumulated in the
tissue spaces of the intact plexus and also in vesicles which developed
in sheets of epithelium.

She felt that these results indicated the

secretory nature of the choroid plexus since cold or oxygen lack pro
duced a reversible inhibition in this phenomenon.

However, could this

not also add suggestive evidence just as logically to an excretory
function by the choroid plexus?
However, the function of the choroid plexus in the production
of cerebrospinal fluid cannot be diminished in the light of the work
of Scarff (1952) who treated nonobstructive iydrocephalus by endoscopic
cauterization of the choroid plexus.

In a series of 20 children oper

ated upon prior to 19U2, he reported, ”there were 3 hospital deaths,
7 survivals without permanent relief of intracranial pressure, and 10
survivals with permanent relief of pressure.”

In a series of 19 children

operated upon since 1914-6, he reported, ”there were 1 hospital death,
3 survivals without permanent relief of intracranial pressure, and 15
survivals with permanent relief of pressure.

Eleven of these 15

children have average mental development."
The Choroid Plexus
The normal ultrastructure of the rabbit’s choroid plexus was
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studied with the aid of the electron microscope by Millen and Hogers
(1956), Maxwell and Pease (1956), Wislocki and Ladman (Wolstenholme
and 0*Connor, 1953* PP* 55-79), and Case (1958).

They all agreed

upon the basic structure of the choroid plexus5 however, each made his
particular contribution#

Millen and hogers noted -whorls of double

membranes in the cytoplasm of the ependymal cells of young rabbits
studied and along with Wislocki and ladman noted parallel arrayed endo
plasmic reticulum located in the cytoplasm of the ependymal cells#
Millen, Rodgers, Maxwell and Pease, and Case all noted the complex
infolding of the basal plasma membrane of the ependymal cells which
is similar to other cells noted for water transport.
The choroid plexuses in all of the control rabbits were
typical as described by the above mentioned men.

The epenc^mal cells

in the test rabbits were essentially typical except for the following
three findings?

1) an increased number of whorl and parallel arrayed

endoplasmic reticulum, 2) an increased number of inclusion bodies
associated with the endoplasmic reticulum, 3) some ”stretched" ependymal
cells where the hydrostatic pressure in the subarachnoid space had
apparently increased.
The whorls of endoplasmic reticulum seen here resembles some
what similar whorls noted in the exocrine cells of the pancreas (Weiss,
1953) and the sympathetic ganglion cell (Palsy and Palade, 1955)*

It

would be purely speculation at this time to assign a specific function
to them, such as secretoiy, or excretory.

Much information concerning

endoplasmic reticulum has come from the Rockefeller Institute (Palade
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and Porter, 195k), (Palade, 195$, 1956), (Palade and Siekevitz, 1956a
and b)•

They have noted that the endoplasmic reticulum apparently is

continuous with the cell membrane and the nuclear membranes.

Weiss

(1953) considered the whorls to be centers of ergastoplasm (endoplasmic
reticulum) formation, as they were seen in animals recovering from
fasting*

It is of interest that the whorls of endoplasmic were not

seen in the choroid plexus of the rabbit by any of the investigators
except Millen and Rogers (1956) and Tennyson (I960) who likewise saw
them in hydrocephalic vitamin A deficient young rabbits.

This suggests

the possibility that these figures may be present only in the develop
mental stages, since they studied 2k day old rabbits.

However, it is

impossible to draw any conclusions at this time as the rest of the
investigators did not state the age of their rabbits except Case (1958)
who used adult rabbits.

He searched carefully for whorls, but was

unable to locate any (personal conversation).

If it should be true

that they are presort in the young only during developmental stages,
the increase in number in the vitamin A deficient hydrocephalic rabbits
may indicate that thy are retarded in development.
The main pathological change in the choroid plexuses of these
vitamin A deficient hydrocephalic rabbits was apparently the breaks in
the capillaries, thus permitting the blood elements to escape into the
subarachnoid space.

Nowhere in the literature, as far as the author

knows, is there a hint that the integrity of the cement substance
between endothelial cells has lost its adhesiveness due to vitamin A
deficiency *

The closest suggestion of such is the finding of peri-

*
•r

%
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vascular edema in the brains of calves Tsith accompanying papilledema
and blindness (Be Schweinitz and De Long, 1931;)•

Nevertheless, the

present work indicates such, which in turn lends itself nicely for
the proposed hypothesis in the production of hydrocephalus in vitamin
A deficiency*

CONCLUSIONS
Hydrocephalus Due to Vitasaan A Deficiency
Recognizing the limitations of using static pictures in
interpreting dynamic principles the findings presented in this paper
merit| nevertheless, justification in drawing the following conclusions
in the form of an hypothesis.
As Bering (195£) pointed out, the choroid plexuses of the
cerebral ventricles are idle chief sites of transfer of the arterial
pulsation to the cerebrospinal fluid.

This is well illustrated when

one observes the cerebrospinal fluid pressure.

The author has observed

in other experimental studies with the dog a 20-30 mm change in water
pressure ?dth each respiration and less with each heart beat.

Therefore,

anything affecting the vasculature of the choroid plexus is likely to
have some influence upon the cerebrospinal fluid pressure.
The integrity of the capillaries is weakened in the vitamin
A deficient rabbits, thus permitting the blood elements to escape into
the subarachnoid space.

The J^ydrostatic pressure is now increased in

this space thus pushing the ependymal cells out, as it were, further
into the ventricular space.

These stretched ependymal cells have

enlarged cisternae between them, similar to what Sundwall (191?) thought
he saw" in the normal choroid plexus*

Water and electrolytes may thus

escape5 however, the red blood cells and plasma proteins due to their
larger molecular size are, for the most part, held back from entering
the ventricular space, but a few may enter through a break in the ependy
mal barrier.

Thus the hydrocephalic condition is present with a normal
29
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or slightly raised protein content.

The electrolyte composition of

the cerebrospinal fluid* other than for miner adjustments of osmotic
importance, seems similar to that of blood plasma.

SUMliARX
The fine structure of the lateral choroid plexus in vitamin
A deficient hydrocephalic Hew Zealand white rabbits has been studied*
Both light and electron microscopy were employed*
A special vitamin A deficient diet was fed to all rabbits 5
control animals were administered orally 12,500 I.U. of vitamin A
powder per week.

The offspring of does thus maintained for several

months were used in this study*
Two milliliters of cerebrospinal fluid was removed from the
right ventricles of the hydrocephalic rabbits.

All rabbits were de

capitated, the left lateral choroid plexus was quickly exposed, and
was subjected to the fixative within 90 seconds after the death of the
animal.

Conventional techniques of fixation, embedding, and sectioning

were employed.

Suitable sections approximately 0.1/i in thickness were

mounted on 200 mesh Copper grids and strengthened by an amorphous film
of carbon evaporated onto their surface*

The tissues were then studied

with an RCA EMU-2A electron microscope modernised by the addition of
Canalco accessories including the super-stable lens supply.
The right lateral choroid plexus was also removed within 5
minutes after death of the rabbit, placed in 10% neutral formalin,
embedded in paraffin, sectioned at 7^ and stained with hematoxylin
and triosin or Masson*s trichrome connective-tissue stains for light
microscopy.
The protein and chloride contents of the cerebrospinal fluids
were variable, and difficult to interpret at the present time.
31

32
The light microscopy of the choroid plexuses of the l^rdrocephalic rabbits revealed an increased llvasculari1yn vith noutpouchings
of blood in the subarachnoid space stretching the ependymal cells* now
the only barrier between the ventricular space and the blood elements.
The choroidal ultrastructure as revealed ty the electron
microscope confirmed the findings of light microscopy,

In addition

to the above, weakened areas between endothelial cells comprising the
capillaries were noted and platelet thrombi at such junctions were
often seen.

nFreelf red blood cells* ?#hite blood cells* thrombocytes*

and precipitated plasma proteins were located in the subarachnoid space.
Large eisterns,e between the plasma membranes of the tTstretched” ependymal
cells were noted.

There was also an apparent increase in the number of

parallel and whorled forms of endoplasmic reticulum.

Associated with

these configurations was an apparent increase in inclusion bodies.
An hypothesis is set forth concerning hydrocephalus in vitamin
A deficiency * which may be summarized as follows:

1) The integrity of

the choroidal capillries is weakened at endothelial junctions.
elements escape into the subarachnoid space.
increased in tills space,

2) Blood

3) hydroshatic pressure is

if.) With each arterial pulsation the ependymal

cells are pushed further into the ventricle.

3') "Stretched” ependymal

cells exhibit enlarged cistemae between their plasma membranes.

6) Water

and electrolytes may thus escape by way of these cistemae into the
ventricular space.

7) Red blood cells and plasma proteins* due to their

larger molecular size* are held back except for their escaping through
minor breaks in the ependymal barrier.

8) fifcrdrocephalus results.
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Fig. 1.

20 day old rabbits;

The larger rabbit (No. 11)

weighed 22£ grans compared to the weight of H|6 grams of the smaller
rabbit (No. 7)* The mothers of these two rabbits were maintained on
the same vitamin A deficient diet except for a weekly supplement of
12,£00 I.U. of vitamin A powder orally administered to the mother of
No. 11 (control rabbit).

No. 7 (test rabbit) has a dome-shaped head

due to internal hydrocephalus.

ko

—

—

—

—

h2
The tissues in figures 2 and 3 were stained with Masson1s
trichrome connective tissue stain (as modified t^r Foot and Goldner).
The nuclei are dark blue, while the cytoplasm of the cells is red.
The green areas contain collagen.

These tissues were sectioned at a

thickness of 7/a•
Fig. 2.
plexus.

9 day old control rabbit (No. 6)i

Lateral choroid

1 60
The appearance of this choroid plexus is considered to be

normal.

The cuboidal eoen^rmal cells cover the villi, the blood ves

sels are well defined, and the connective tissue ground substance con
tains some collagen.
Fig. 3.
plexus.

In general, the tissue looks well organized.

9 day old test rabbit (No. 3)i

Lateral choroid

X 60
The appearance of this choroid plexus is atypical.

The

cuboidal ependymal cells cover a few villi, but in general they are
surrounding large pools of red blood cells, thus being stretched from
cuboidal to squamous-like cells.

The blood vessels are not well

defined and the amount of collagen is small.
organized.

The tissues look dis

hh
Figures h through 9 are photomicrographs of the lateral
choroid plexus of a 9 clay old control rabbit (No. 6) which are stained
with Masson1s trichrome connective tissue stain (as modified by Foot
and Goldner).

these tissues were sectioned at a thickness of 7/t.

Fig. i*.

X 60

The choroid plexus villi are well displayed.
is seen in the free border of the plexus.

A small artery

Circled areas are shown in

figures $ and 7 at a higher magnification*
Fig. 9*

X 185

The villi are shown to be composed of ependymal cells sur
rounding a central core, the subarachnoid space,

The circled area is

shown in figure 6.
Fig. 6.

X 900

The ependymal calls (ep) are seen separating the ventricular
space (ve) from the subarachnoid space (s).

These villi join a larger

frond of the choroid plexus which contains more ground substance (g)
in the subarachnoid space than the smaller villi,

A portion of a

capillary (cap) is seen cut in longitudinal section.

Ii6
Fig. ?.

X 18^

The small artery in the free border of the choroid plexus
is seen from which many villi ext aid in all directions.

The circled

areas are shown in figures 8 and 9 at a higher magnification.
Figs. 8 and 9.

X 900

The lumen (lu) of the small artery is seen surrounded by
endothelial cells (e)> muscle cells (ms), and collagen fibers (cl).
Red blood, cells (rbc) are in the lumen and two can be seen at the
junction between the artery and a capillary of a villus (arrows).

ii.8
Figures 10 through 1? are photomicrographs of the lateral
choroid plexus of a 9 day old test rabbit (Ho* 3) which are stained with
Masson1s trichrome connective tissue stain (as modified by Foot and
Goldner).

These tissues were sectioned at a thickness of 7/u.*
Fig. 10.

X 60

This area is similar to figure 3, and looks very atypical.
There is an increased “vascularity^ with areas of outpouching with large
quantities of blood elements.

Also there can be little doubt that the

quantity of villi and normal epenc^rmal cells is decreased.

The circled

areas are shown at higher magnifications in figures 113 12 and 15'.
Figs. 11 and 12.

X 185

Red blood cells (rbc) and other blood elements are packed in a
conglomeration with the ground substance of the choroid plexus.

Arrows

indicate areas where tie red blood cells and ground substance of the
subarachnoid space meet.

A close observation of this irregular boundxy

fails to reveal an intervening vessel wall.

Only a few normal appearing

ependymal cells (ep) are seal surrounded by the ventricular space (ve).
The circled area is shown at a higher magnification in figure 13*
Fig. 13.

X 900

Red blood cells (rbc) are seen packed together against the
ground substance of the subarachnoid space beneath the ependymal cedis
(ep) which are cut tangentially9 thus giving the appearance of a strati
fied squamous epithelium.

These ependymal cells are the only barrier

left between the blood and the ventricular space (ve)♦

5>0
Figs. Hi and 15.

X 185

Arrows indicate Slsiretchedtf ependymal cells as the only
barrier between the blood and the ventricular space (ve).

Circled

areas are shewn in figures 16 and 1? at higher magnification.
Fig. 16.

X 900

A large bundle of collagen is seen (stained green on original
slide).

Arrows indicate endothelial cells bounding a capillary at its

origin from a larger vessel.
Fig. 17.

X 900

fled blood cells (rbc) are seen packed together with the
ground substance in the subarachnoid space.

Arrows indicate the

11 stretched” ependymal cells holding the blood from entering into the
ventricular space (ve).

The long string of ependymal cells (ep) seen

to the right of the figure has separated from the ground substance
which is out of the field of view*

VERNIER RADCLIFFE MEMORIAL LIBRARY
COLLEGE OF MEDICAL EVANGELISTS
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Fig* 18.
plexus.

9 day old control rabbit (No. 6)t

Lateral choroid

I 7,500
The choroid plexus typically has cuboidal ependymal cells

separating the ventricles (ve) containing the cerebrospinal fluid Iran
the subarachnoid space (s) which surrounds the capillaries containing
the blood elements.

The ependymal cell has a free polypoid border (pb),

a round nucleus (n) located near its basal part with its nucleolus (nu),
mary oval and oblong mitochondria (m) scattered throughout its cyto
plasm along with the endoplasmic reticulum (er).

These ependymal cells

are attached at their polypoid border ends by a terminal bar (tb) and
separated throughout by their plasma membranes (pm).
membranes are separated (arrows) in various places.

The plasma
The nucleus of

an edothelial cell (e) forming a capillary is seen along with a red
blood cell (rbc) in the lumen (lu) of this vessel.

5h
Fig. 19*
plexus•

9 day old control rabbit (Ho# 6):

Lateral choroid

X 7,^00
The central epencjymal cell (ep) in this plate is adjacent to

the one just seen in figure 18.

The sane cellular elements are present

here as seen there ?.rith the addition of cilia (c) and a large cisternae
(ci) which is probably an expanded space in the endoplasmic reticulum*
Arrows indicate areas of separated plasma membranes (pm).

$6
Fig* 20.
plexus.

20 da^- old control rabbit (Mo. 11)i

Lateral choroid

I Ip,600
A cross sectional area of a topical capillar/ located in the

subarachnoid space (s) beneath the basement membrane (bm) that the
epend/mal cell (ep) rests upon.

Patches of collagen (cl) surround the

capillar/ vdiich is composed of at least 3 separate endothelial cells
(e) at this immediate juncture.
adjacent cells.

Arrows indicate junctions between

The endothelial cell (e^) with the nucleus appears

not to form an/ part of the lumen of the capillazy at this point, thus
illustrating the overlapping of these endothelial cells to insure
adequate strength.

58
Fig. 21.
plexus.

20 dagr old control rabbit (No. 11):

Lateral choroid

X 13,600
A cross-sectional area of a capillary located in the sub

arachnoid space (s) of the choroid plexus.

The basal portion of an

ependymal cell (ep) is located in the upper right area of the plate.
A pial cell (p) is located in the space immediately above the capillaiy.

Four different endothelial cells (e) are seen surrounding the

lumen (lu) that contains only precipitated plasma. • Three of these
endothelial cells contain a portion of their nuclei,

Here as seen in

figure 20 the capillary wall is very thin in places due to the attenu
ation of some of these endothelial cells.
Fig. 22.
choroid plexus.

20 day old control rabbit (No. 11)i

Lateral

X 7,500

A large osmiophilic inclusion botiy (ine) is seen in the
cytoplasm of an ependymal cell.

Brackets indicate a parallel array

of endoplasmic reticulum in the basal portion of an ependymal cell.
The cross-sectional area of a capillary (cap) is seen in the sub
arachnoid space (s).

60
Fig. 23.
choroid plexus.

Ik day old control rabbit (No. 12)t

Lateral

I 13*500

A whorl of endoplasmic reticulum (er) is seen in the upper
right hand area of this plate.

It is located in the basal portion of

the ependymal cell (ep) along with a few mitochondria (m).

Collagen

fibers (cl) are seen in the subarachnoid space (s) below the basement
membrane (bra).
Fig. 2k*
choroid plexus.

Hi day old control rabbit (No. 12)s

Lateral

X 13*500

A parallel arrsy of endoplasmic reticulum is seen in the
cytoplasm (cy) of an epencfcrmal cell.

Endoplasmic reticulum (er) of

oval and oblong configurations is also present.

62
Fig# 2£.
plexus.

9 dssy old test rabbit (No. 3)s

Lateral choroid

X 7,500
A comprehensive view of the choroid plexus is again seen as

in figures 18 and 19#

Several ependymal cells are surrounding the

subarachnoid space (s) which contains a capillary, a pial cell (p)
and some collagen fibers (cl).

Hie capillary is composed of two endo

thelial cells (e) and in the lumen (lu) is a red blood cell (rbc).
One sees little in this figure which appears abnormal.

The polypoid

border (pb) of the upper right ependymal cell (ep) is possibly more
watery than usual.

The endoplasmic reticulum (er) in the apical

portion is distended and that in brackets is of the parallel array
which is rare in this position of the cell#

61*
Fig* 26.
plexus*

9 da^r old test rabbit (No. 3)5

Lateral choroid

X 12,000
The apical portion of 6 epenc^rmal cells is seen showing their

po^/poid borders (pb) and a few cilia.

It Is of interest how the cell

in. the lower left area is more dense and has two free surfaces, as it
were, in contact with the ventricle.

The brackets indicate an, area of

endoplasmic reticulum of parallel arr^r and assorted arrangement and
a cisternae (ci) is nearby to the right.

66
Fig. 2?.
plexus.

9 day old test rabbit (Ho. 3)s

Lateral choroid

X 6*000
A rather comprehensive view of the choroid plexus.

The

n1ypicalft ependymal cells (ep) are seen in the upper left area of the
plate.

Some cilia (c) are in the ventricular space (ve) associated

with the polypoid border (pb).

The typical infolding (in) of the

plasma membranes (pm) at the base of the ependymal cells is seen.

The

brackets indicate an area of parallel arrayed endoplasmic reticulum.
The lumen (lu) of a capillaiy contains precipitated plasma* thrombo
cytes (th)* and a red blood cell (rbe).

The integrity of the attach

ment between the endothelial cells (e) appears to have been weakened
(arrows)* thus permitting the escape of red blood cells (rbc), thrombo
cytes (th)* aid a neutrophil (ne) into the subarachnoid space.
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Fig* 28.
plexus.

9 day old test rabbit (Ho. 3):

Lateral choroid

I 12,(XX)
The lumen (lu) of a capillaiy containing red blood cells

(rbc), thrombocytes (th) and precipitated plasma proteins comprises
the left half of the plate.

The endothelial cells (e) separate this

from the subarachnoid space (s) of the choroid plexus seen on the right
which contain several nfree,f red blood cells (rbc) and thrombocytes
(th).
cells.

Arrows indicate attachment points between adjacent endothelial
The basement membrane (bm) is clearly seen adhering to the

attenuated portion of the endothelial cell containing the nucleus.

r

jr

f:

al

\

lu
#
1:/

_

V' j

e

v r ->y
4

70
Fig* 29•
plexus.

9 day old test rabbit (No. 3)i

Lateral choroid

X 7>500
A thrombus is seen in the losrer right area of the plate

composed primarily of thrombocytes (th).

An endothelial cell (e)

has its attenuated margin extending into this thrombus which probably
formed do to loss of integrity in the attachment point between adjacent
cells.

Red blood cells (rbc) are both seen within the lumen (lu) of

the capillary and in the subarachnoid space (s) of the choroid plexus.

\

i*

72
Fig* 30*
plexus.

9 dsQr old test rabbit (No. 3)*

Lateral choroid

I 10,5)00
The basal portion of two ependymal cells (ep) resting upon

their basement membrane (bin) occupy the outer right and left areas
of the plate.

The subarachnoid space (s) contains a pial cell (p),

a capillary, some apparently precipitated plasma proteins, and some
free red blood cedis (rbc).

A cisternae (ci) is seen in the upper

left corner of the figure in an ependymal cell.

Arrows indicate

attachment points between endothelial cells (e).
Fig. 31.
plexus.

9 day old test rabbit (No. 3)s

Lateral choroid

X 7,500
An ependymal cell (ep) occupies the left area of the figure

separating the ventricle (ve) from the subarachnoid space (s) which
contains a pial cell (p), some apparent precipitated plasma proteins,
and a capillary that is filled with red blood cells (rbc), thrombo
cytes (th) and precipitated plasma proteins*

Cisternae (ci) are seen

to the right of the nucleus and rasy be actually due to the separation
of the plasma membranes (pm) and ballooned endoplasmic reticulum.
Brackets indicate a parallel array of the endoplasmic reticulum in the
cytoplasm (cy) of the apical portion of the ependymal cell.
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Fig* 32*
plesois.

9 dsgr old test rabbit (No* 3)i

Lateral choroid

X 12,000
Portions of three ependymal cells are seen with their poly

poid borders (pb) and cilia (c) in the ventricle*

Mitochondria (m)

are scattered throughout the cytoplasm along with endoplasmic reticulum
(er) and the associated RIM granules*

The plasma membranes (pm) with

their terminal bar (tb) at the apical ends and their extensive infolding
(in) at the basal ends are seen.

Arrows indicate an area where the

plasma membranes are forming the internal layer of the basement membrane
(bm) in contact with the lamina interna rara.

The bracketed area

includes a partial paralleled array of endoplasmic reticulum,
blood cells (rbc) are seen free in the subarachnoid space (s).
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Fig* 33*
plexus.

9 day old test rabbit (No. 3)s

Lateral choroid

X 12,000
Portions of four epenc^rmal cells are seen containing a

moderate abundant amount of endoplasmic reticulum (er) and a few
mitochondria.

Several cilia (c) are associated with the free ends

of the polypoid border (pb) in the ventricle.

The lower right area

contains the subarachnoid space (s) which has two free red blood
cells (rbc) and a capillaiy.

The attenuated portion of an endothelial

cell (e) is seen bounding the lumen (lu) which contains precipitated
puasnia proteins and a red blood cell.
one of the ependymal cells.

A large cisterns is seen in

It is of passing interest to note an

invagination of the nucleus(n) in the area of its nucleolus (nu)
(arrow)•

78
Fig* 3lt.
plexus *

9 ds§r old test rabbit (No. 3)s

Lateral choroid

X 6,000
Red blood cells (rbc) are packed in the subarachnoid space,

thus there remains but little distance between the blood and the
ventricular space (ve).

The epenctymal cell (ep) in the center of the

plate contains several parallel arrays of endoplasmic reticulum in its
apical end as indicated by brackets.

80
Fig. 35plexus.

9 day old test rabbit (No. 3)s

Lateral choroid

X 6,000
As in figure 3li the packed red blood cells (rbc) are about

to burst from the subarachnoid space (s) into the ventricular space
(ve) (arrows).

The ependymal cells contain mary cisternae (ci) which

are probably swollen endoplasmic reticulum and/or spaces between the
plasma membranes.

1

82
Fig* 36.
plexus.

9 d£$r old test rabbit (No. 3)i

Lateral choroid

X 7*S>00
The ependymal cells (ep) tend to take on a flattened form

because of the added tension.

The nuclei are flattened on the basal

side squeezing mitochondria against the basement membrane.

Mary

cisternae (ci) are seen formed by the separation of the plasma membrane.
Red blood cells (rbc) are seen both in the ventricular and subarachnoid
spaces.

Qh
Fig. 37 and 38.
choroid plexus.

9 day old test rabbit (No. 3)s

Lateral

X 1G,$0Q

These are portions of figure 38.

Arrows indicate where the

plasma membrane (pm) portion of the basement membrane (bm) is lacking.
The cistemae (ci) extend from the basement membrane to the terminal
bar (tb) at the polypoid border attachment of plasma membrane.

86
Fig. 39*
plexus.

da§r old test rabbit (Mo. 8)!

Lateral choroid

1 16,000
Portions of four ependymal cells occujy* this plate.

Tlie

basement membranes (bia) are well displayed as well as their continuation
with the infolded plasma membranes (brackets).

The circled area con

tains a rosette of RNA granules as an example of mai$r scattered through
out the cytoplasm.

The cytoplasm contains a moderately abundant amount

of endoplasmic reticulum (er) associated with granules of RNA.

Many

cisternae (ci) are seen probably as “ballooned" endoplasmic reticulum.
The mitochondria (m) are scattered throughout the cytoplasm.
indicates an invagination of a nucleus (n).

An arrow

88
Fig. 1*0.
plexus*

15 da^r old test rabbit (Mo. 8);

Lateral choroid

X 16,000
This plate is similar to figure 39*

Within the bracketed

areas is seen the infolded plasma membranes of several of the ependy
mal cells*

A pial cell (p) is located in the subarachnoid space (s)

bounded by U different basement membranes (bm).

The cytoplasm of the

epenc&rmai cells contains an abundant amount of mitochondria (m) and
endoplasmic reticulum (er) with the associated RNA granules.
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Fig. i|l»
plexus.

15 day old test rabbit (No. 8)s

Lateral choroid

I 16,000
Infolded plasma membranes of adjacent ependymal cells are

seen as indicated by brackets.

Arrows indicate a ^shielci-shapedn

portion of basement membrane which is probably due to a small area of
the lamina densa being oriented parallel to the plane of section.
Circled areas indicate inclusion bodies of more than one constituent,
probably lipids.

A capillary containing a red blood cell (rbc) and

precipitated plasma proteins is located in the subarachnoid space (s).

92
Fig. U2.
plexus •

1$ day old test rabbit (No* 8)s

Lateral choroid

X 13,500
An inclusion bocfcr (ine) is located in a cisternae (ci) which

is probably a {tballoonedn area In the endoplasmic reticulum.
granul.es are associated with its outer border,

RNA

■Within the circled area

is an inclusion boc^f of the same consistency as those seen in figure ipU
The attenuated portion of an endothelial cell (e) is seen to the right.
Fig. Ul*
plexus.

15 day old test rabbit (No. 8):

Lateral choroid

X 12,000
In the upper* portion of the figure is located the basal parts

of 2 ependymal cells (ep) resting upon their basement membrane (brn^)•
Below this is seme collagen fibers (cl^) cut in cross-section and some
(elo) cut in longitudinal section T/hich are surrounded ty the cytoplasm
of a pial cell (p^)*

Two other pial cells (p2 and p^) are also located

in the subarachnoid space (s) which is of an osmiophilic nature in
areas absent of pial cytoplasm.

Another basement membrane (bn^) is

seen between 2 adjacent pial cells.

Here 5 distinct layers can be seen#

line
#

ci

o

e
rbc
s

42

^bmo

9k
Fig* hh<
plexus.

20 day old test rabbit (No* J)s

Lateral choroid

I 6,000
Both the upper and lower parts of this figure are composed

of ependymal cells,

Their basement membranes (bm) separate them from

the 3 pial cells (p^, p^, and p^) whose cytoplasm surrounds the capil
lary (cap) and occupies most of the subarachnoid space seen here.
Three inclusion bodies (inc) are located in the cytoplasm of several
oils.

96
Fig*
plexus.

20 day old test rabbit (Mo. 7)s

Lateral choroid

X 6,000
The subarachnoid space (s) is located between the endothelial

t

:;

• •

cell (e) of the capillary and the basement membrane (bm) of the ependy
mal cells.

A "free” red blood cell (rbc) is seen in this subarachnoid

space which is filled with what appears to be precipitated plasma
protein.

Brackets indicate parallel arrays of endoplasmic reticulum.

An inclusion body is located just to the right of the nucleus of the
center ependymal cell.

98
Fig. U6.
plexus*

20 day old test rabbit (No. 7):

Lateral choroid

X 1,$Q0
The subarachnoid space (s) contains a ^free1* red blood cell

(rbc) and cytoplasmic projections of pial cells (p).
be full of precipitated plasma proteins*

It appears to

The endothelial cell (e)

separates the contents of the capillary (red blood cells and a thrombo
cyte) from the subarachnoid space,

in inclusion boc|r (inc) is encircled

by a whorl of endoplasmic reticulum in the cytoplasm of an ependymal
cell*

100
Fig* I*?*
plexus*

20 day old test rabbit (Ho* ?):

Lateral choroid

X 7#500
The apical ends of several ependymal cells contain parallel

arrays of endoplasmic reticulum which are indicated by brackets*

The

polypoid borders (pb) are near fcy protruding into the ventricular space
(ve). An inclusion body (inc) is encircled by a whorl of endoplasmic
reticulum*

■
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Fig* US.
plexus*

20 day old test rabbit (No* ?)*

Lateral choroid

I 12,000
Three whorls of etidoplasodc reticulum are located in the

cytoplasm (qy) of the basal portion of an ependymal cell.

Its nucleus

(n) containing a nucleolus (nu) is to the left of these figures*

The

subarachnoid space (s) contains pial cells (p) and collagen fibers and
the rest is full of what appears to be precipitated plasma proteins*
An endothelial cell (e) is seen separating these from the precipitated
plasma proteins in the lumen (lu) of the capillaiy*

10k
Fig. it9*
plexus.

20 day old test rabbit (No. ?)s

Lateral choroid

X iSjOOO
This figure is a portion of figure I4.6 at a higher magnifi

cation.

The ependymal cell cytoplasm contains a moderate amount of

endoplasmic reticulum (er).

An inclusion bo^/ (inc) is located within

a Tdiorl of this endoplasmic reticulum.

The basement membrane (bin)

separates the ependymal cell from the subarachnoid space (s) nhich
contains what appears to be precipitated plasma proteins.

A portion

of a pial cell (p) is noted Just above the endothelial cell (e) that
separates the lumen of the capilldry containing a red blood cell (rbc)
from the subarachnoid space.

106
Fig* 50.
plexus*

20 ds^r old test rabbit (No. 7)j

Lateral choroid

X 6,000
One whorled and 2 parailed arrays of endoplasmic reticulum

are located in the apical region of the central ependymal cell which
is bounded by plasma membranes (pm).

Hie polypoid border (pb) is

close at hand protruding into the ventricle (ve).

An irregular

inclusion body (inc) is adjacent to one of the parallel arrays of
endoplasmic reticulum.
Fig. 5>I.
plexus•

20 day old test rabbit (No. 7)s

Lateral choroid

X 9,000
The basal portions of two ependymal cells, each containing

an inclusion boc^r (inc) near their nuclei are seen.

The infolding

(in) of the plasma membrane (pm) is noted close to some endoplasmic
reticulum (er).

COLLEGE OF MEDICAL EVANGELISTS
School of Graduate Studies

the: ultrastrugtore of the

CHOROID PLEXUS

IN VITAMIN A DEFICIENT RABBITS
by
Everet W* Witz el

An Abs'bract of a Thesis
in Partial Fulfillment of the Requirements
for the Degree Master of Science
in the Field of Anatony*

June, I960

ABSTRACT
iub line s"truetux*6 oi the l3t6X*8JL choroid. pXsxus in vitmnin
A deficient l^rdrocephalic Mew Zealand white rabbits has been studied
with the aid of both light and electron microscopy.
A special vitamin A deficient diet was fed to ail rabbits
and control rabbits in addition received orally 12,500 I.U. of vitamin
A powder per week.

The offspring of does thus maintained for several

months were studied.
All rabbits were decapitated3 the left lateral choroid plexus
was quickly exposed, and subjected to the fixative within 90 seconds
following the death of the animal,

Conventional techniques of fixation.

embedding, and sectioning were employed.

Suitable sections were

carbonized after being placed upon copper grids and studied with the
aid 01 a modernized RCA EMU—2A electron microsnope.
As revealed ty the light microscope, the choroid plexuses
of the hydrocephalic rabbits showed an increased "vascularity-” with
blood in the subarachnoid space stretching the ependymal cells.
The choroidal ultrastructure, as revealed by the electron
microscope showed in addition to the folloTdng:

l) weakened areas

between endothelial cells comprising the capillaries with platelet
ohrombi often associated, 2) nfreeH red blood cells, white blood cells,
thrombocytes, and precipitated plasma proteins located in the sub
ax achnoid space, 3) large cistemae between the plasma membranes of
the "stretched” ependymal cells, L>) an apparent increase in the number
of parallel and whorled forms of endoplasmic reticulum, 5) an apparent
1

2
increase in inclusion bodies associated with the arrays of endoplasmic
reticulum.
An hypothesis is set forth concerning the production of hydro
cephalus in vitamin A deficiency, summarised as follows:

1) choroidal

capillaries are weakened at endothelial junctions and blood elements
escape into the subarachnoid space, 2) hydrostatic pressure is increased
beneath the ependymal cells, so with each arterial pulsation these cells
are pushed further into the ventricle, 3) “stretched” epenc^rraal cells
share large cistcrnae between their plasma membranes through which
water and electrolytes escape, b) hydrocephalus results.

